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abstract: There is an increasing awareness of formal ontologies in knowledge-intense
problem domains in the AEC industry. This paper analyzes the general use of ontologies,
points to the importance of context-dependent ontology descriptions in AEC, and describes
the use and management of multiple (external) ontologies as knowledge management
tools within a complex information model of a building performance assessment tool CLIP
(Computational support for Lifecycle Integral Performance assessment), previously developed by the authors. The paper provides a discussion of our approach, analysis of the
benefits and limitations of external ontologies, suggestions for further development and
research areas for the integration of multiple AEC knowledge representations.
keywords: Building lifecycle performance assessment, knowledge modeling, contextual
ontologies, product models

résumé : Il y a une prise de conscience accrue des ontologies formelles dans le domaine des
problèmes impliquant des savoirs approfondis dans l’industrie AEC. Cet article analyse l’utilité
générale des ontologies, souligne l’importance de la description des ontologies reliées au
contexte dans l’AEC, et décrit l’utilisation et la gestion de multiples ontologies (externes) en
tant qu’outil de gestion de savoirs au sein d’un modèle d’information complexe d’un outil
d’évaluation de la performance d’un bâtiment CLIP (Computational support for Lifecycle Integral Performance assessment), précédemment développé par les auteurs. Cet article fournit un
exposé de notre approche, une analyse des bénéfices et limitations des ontologies externes, des
suggestions pour des développements ultérieurs et domaines de recherche pour l’intégration
de multiples représentations des savoirs AEC.
mots-clés : Évaluation de la performance du cycle de vie des bâtiments, modélisation des
savoirs, ontologies contextuelles, modèles de produits
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1. ONTOLOGIES AND THEIR USE IN THE AEC/FM INDUSTRY

As described in computer science research, ontology is the “description of the
concepts and relationships that can exist for an agent or a community of agents”
(Gruber 1993). More specifically, ontology is the study of a systematic conceptualization of a given domain for efficient retrieval and reasoning about the
domain knowledge. Ontologies provide formal definitions and axioms that
constrain the interpretation of these terms (Gomez-Perez 2002). Ontologies
are valuable for applications in which knowledge shared by a community plays
a key role in the communication of both human and software agents.
Ontologies “form the core of the semantic layer that holds all of the knowledge of various business functions” (Petrinja et al. 2007). For humans, they
enhance understanding and interaction by providing a consensual representation across various domains of expertise. For software systems, they enable
interoperability by automated translation of information between heterogeneous representations. By capturing and describing the consensual domain
concepts to facilitate knowledge reuse, sharing and communication, they have
proven to be efficient tools in conceptualizing the common knowledge shared
by a community.
1.1. Ontologies for AEC/FM

In the AEC/FM industry, the inadequacy of process productivity is largely due
to the inefficient management of domain information and to difficulties in
making knowledge available for the stakeholders and activities. With the
increasing complexity of buildings and processes to create/maintain these
buildings, domain knowledge also becomes increasingly fragmented among
various actors, making effective communication and information-sharing difficult. Well-informed and consistent decisions can be taken by the capturing,
consolidation, dissemination and reuse of organizational knowledge (Kazi et
al. 1999).
Typically AEC/FM domain ontology knowledge is expressed in standard
product models such as Standard for the Exchange of Product Model Data
(STEP), Industry Foundation Classes (IFC), aecXML and Automating Equipment
Information Exchange (AEX) to capture the domain knowledge and support
interoperability between dispersed applications (Akin et al. 2005). IFC, as the
most rigorous attempt in this respect, has grown into a widely acknowledged
building information model that captures the information about all aspects of a
building throughout its lifecycle as a common specification for data exchange.
Having various levels of detail, the IFC model architecture holds the ontological
knowledge at its highest level, in the IFC Domain layer, which provides a set of
modules tailored for specific AEC domains such as IfcArchitecture, IfcFacilitiesMngm, IfcHVACDomain etc. Each domain contains objects and common
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properties that describe the domain objects, which are further specializations of
generic domain-independent objects in the core model, called the IfcKernel.
Moreover, each domain object is strongly linked to other domain objects by the
IfcRelationship. However, IFC does not impose a predefined component composition schema and is deliberately left abstract, allowing entities to be combined
in distinctive ways as needed by the implementing applications.
1.2. Contextual Knowledge in AEC/FM

A major problem with standard representational approaches in the field of
AEC/FM is the lack of flexibility to handle dynamic information that occurs
during the lifecycle of facilities. This dynamic nature impedes the management
and dissemination of building information due to the multiple and differing
contexts within which the domain knowledge is formalized. The AEC industry
is characterized by geographical, functional and digital fragmentation. Agreement on a shared standard knowledge base is a difficult goal to achieve due to
the semantic heterogeneity caused by the high number of human agents
involved in knowledge sharing, the volatile nature of transactions between
these agents, the diversity of the industry, and the vulnerability of the domain
knowledge to changes. Knowledge may vary significantly with respect to custom organizational or regional practices, conventions, purposes, and digital
tools that are utilized. Although ontologies are typically developed for a single
world view that represents an agreed conceptualization of a domain with a
given perspective, in reality understanding of domain knowledge is diverse
and biased towards local perspectives. Each ontology description is the reflection of a local reality, embodying the mutual understanding of a given context.
Thus, agreement on a shared standard ontology of buildings and systems, as a
means for knowledge representation, is hard to realize.
Another reason for the volatility of building information is that domain
knowledge continuously changes and expands. As the existing exchange models, such as IFC, are constantly evolving in terms of complexity and size, new
challenges have arisen to software vendors in adopting and maintaining interfaces between their internal models and IFC (Beetz et al. 2008). Moreover the
problems related to the development of such standard product data models are
partly caused by the difficulty to agree on a common representation by the
domain experts and the incompleteness of the models especially in unconventional design areas (Turk 1998). Stouffs et al. (2001) state that a priori top-down
approaches, such as IFC, are not capable of supporting the variety and flexibility required by ever evolving design activities. Such models depend on consensus around domain knowledge and remain insufficient in supporting the entire
spectrum of processes and functions of AEC/FM. Although the content covered
by such efforts is constantly evolving, the unstable nature of the industry is not
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likely to allow for a fully-matured final model that satisfies all of the domain
requirements and objects.
In contrast, a posteriori approaches in AEC/FM consider continuous support to evolving custom representations without being bound to a standard
during the process. Similarly in collaborative engineering design, a mutuallyacceptable solution is typically reached only during the later stages of design,
as important resources expended in support of achieving the design goals as
a stakeholder moves along the design timeline (Fernandez 2005). For such
cases, bottom-up a posteriori efforts are inevitable since most of the communication between interacting parties is established after each party independently formulates a design artifact with different representations. Whereas such
approaches have the advantage of extended flexibility that allow the reconfiguration of underlying representations throughout the process, it is also rather
cumbersome to build such representations and requires dedicated efforts from
all stakeholders. Moreover, when a possible mapping is considered to an industry standard for semantic interoperability, data integrity issues arise especially
where the multi-disciplinary teams share a variety of non-standard information
with localized context (Yang 2003). Contextual views towards a problem
domain are crucial where the core problem is the utilization of local and
autonomous representations with some need for a limited and controlled form
of globalization (Bouquet et al. 2004). We consider the conventions, purposes,
digital tools and internal variables of each organization its context from the
local, regional and cultural perspectives. This contextual diversity is a quality
that needs to be maintained and exploited, rather than absorbed in all-encompassing domain models and ontologies.
1.3. Context Management in Formal Ontologies

Ontologies are models of a knowledge domain that encode a common view
shared by a number of different parties. Contexts, in contrast, are local realities
that reflect different parties’ subjective views of a domain. Some rigorous efforts
that aim at enriching ontologies with contextual information mostly focus on
establishing correspondences between concepts or elements that belong to
different contexts. This approach allows heterogeneous knowledge sources to
be combined, for example by extending the Web Ontology Language (OWL)
to internalize multiple local ontologies (Bouquet et al. 2004), or by using distributed description logics (DDL) to describe bridging rules that constrain the
correspondences while conserving each ontology’s independence (Ma et al.
2006).
A different approach is to define the “trustworthiness” of things in different
contexts through modal logic (Wolter et al. 1998), which is an effective formalism in articulating dynamic and fuzzy knowledge such as beliefs, judgments,
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etc that vary with respect to a given locality. Similarly, Benslimane et al. (2006),
using description logic, create a single ontology in which the definition of a
concept includes the notion of multiple contexts to separate one concept from
another. We adopt a different approach that makes use of multiple, alternative
ontologies that are structured uniformly but reflect the varying contents of
different contexts. In the next chapter, we describe the computational framework in which we consider the formalization of these multiple, context-based
ontologies and explain our approach to manage contextual knowledge.
2. EXTERNAL ONTOLOGY SUPPORT FOR THE CLIP FRAMEWORK

In this section, we will first give a brief description of the CLIP framework,
which aims to improve the efficiency and quality of existing lifecycle building
performance assessment (LBPA) practices as collaborative, cross-disciplinary,
information-intense processes. Afterwards we will discuss the ontology support to the CLIP model, highlight the development and specification of the
two ontologies we have formalized.
2.1. The CLIP Model

The CLIP framework is developed to assist the lifecycle activities in capturing,
processing and sharing of performance assessment information of a building
and its components. The two case studies on the lifecycle building performance
assessment practices in two different contexts, Rijksgebouwendienst (Government Building Agency in the Netherlands) for the Energy Performance Integration in Corporate Public Real Estate Management (EPI-CREM) project (Leeuw
2008) and Carnegie Mellon University Facility Management Services, point to a
great deal of variety in the activities and work processes of LBPA due to the different contexts that they are considered in. We produced a function model that
describes the common LBPA activities as we observed in these case studies and
discovered in the literature (Figure 1). In this analysis, we found out that the first
two main functions, data specification (A0) and data acquisition (A1) are performed in fairly similar ways, while only insignificant variations are observed in
the order of activities, tools and methods used for the capture of performance
data, actors that are involved, emphasis placed on one particular activity, etc. The
CLIP Component-Topology Model, as will be explained below, will address these
core context-free functions, based on a small number of unifying concepts to
provide a reference for the development and implementation of local business
application models. Moreover, we observed significant divergence from context
to context in the domain knowledge and the activities are the product descriptions and structure, local codes and regulations, performance data acquisition
protocols, to name a few. CLIP ontologies will be developed as the knowledge
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bases in support of the specific business application models that extend the CLIP
reference model. The third function, data analysis, is outside the scope of this
paper.
figure 1. lbpa reference function model.

2.1.1. CLIP Component-Topology Model

The CLIP framework manages the diversity that is caused by the wide range
of information types in a reference model, namely the CLIP ComponentTopology Model. Reference models typically address the complexities of multiple business processes and reduce them into their conceptual primitives to
allow reuse and further development customized for specific purposes. Such
an approach suggests a suggestive conceptual framework and aims to provide
a foundational basis that can be applied to numerous instances, thus support-

ing the process of customized building information modeling.

These objectives require flexible and extensible data structures to represent
the discrete building components on which performance tests will be applied
as a continuous lifecycle activity (Gursel et al. 2008). The component-topology
model provides such a representation of building components that contribute
to performance assessment activities, allowing these to be incrementally assembled into an adequate configuration to form a complete building (Figure 2).
For this purpose, we make use of directed (cyclic) graphs, in which the building components (Component object type) are the graph vertices and the
relationships between the components (TopologyRelation object type) are the
graph edges. A component can decompose itself in many layers in the graph
depending on the required level of granularity, yielding sub-components and
decomposition relationships. Additionally, properties of Components are
expressed with a separate class PerformanceIndex (or PI) that reflects the
performative descriptors that can be flexibly, independently linked to a com-
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ponent object. PIs can reflect the design or assessment phase characteristics of
a component; the assessment phase PIs additionally link to the MeasuredValue
object type, which represents the lifecycle behavior of the performative property in hand.
The component-topology model is structured into two main layers: concept
and component. The concept layer constitutes the higher levels of the hierarchy.
Concept objects are intangible abstract entities that relate to categorizations of
building systems, such as climate or envelope systems. A component object is
a physical entity that a discrete evaluation can be performed on, such as a room,
material, or climate equipment. A concept or component can decompose itself
many times depending on the required level of granularity, yielding subconcepts or sub-components. Distinguishing between a concept and a component type is not always straightforward; a Component object can be either,
depending on the level of granularity required for a LBPA practice. For example, a façade structure can be of type component if the overall entity will be
evaluated on the whole, or concept when it is composed of many sub-units
that will be considered separately.
figure 2. clip reference object model (irrelevant parts are grayed-out).

Moreover, the tree edges, or the TopologyRelation object type, can be distinguished by the kinds of CLIP Components they connect, that is, whether
both are of type concept, both are of type component, or one is of type concept
and the other of type component. The first case is the concept_hierarchy type,
implying generalization-specification relationships between concepts. The
second one, the component_decomposition type, is representative of the wholepart association between two physical components. Finally, associations
between concept entities and component entities define instantiations of the
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concept entity by the component entity, and are named concept_realization.
The connectedness of the overall structure resulting from these hierarchical
associations is crucial; disjoint parts of the graph will not be traversed by the
system and will be disregarded as building entities.
2.1.2. CLIP Ontology

The core structure of the component-topology model, as explained above,
contains no domain knowledge and is abstract and generic. The domain objects,
on the other hand, are defined within a CLIP ontology on a higher level of
abstraction. A CLIP ontology is first parsed and internalized by the local system
to instantiate the reference objects that will later contribute to the instantiation
of project objects by the users. As such, we separate the domain knowledge
from the operational knowledge of the model since an object gains its context
sensitive semantics as a domain entity only when it is instantiated as a project
object.
A CLIP ontology basically aims to give a formal structure to the knowledge
base of standard domain components, initiate a common understanding to
enable communication between stakeholders, enable the reuse of the knowledge
base and give a consistent and unambiguous system description. The structure
of a CLIP ontology directly reflects the CLIP reference model schema, and is
used basically to instantiate the model objects. A CLIP ontology consists of a
range of concepts that describe a Universe of Discourse (UoD) in order to form
the controlled vocabulary of components (Component) and features that
describe the components from a performative point of view (PerformanceIndex), and generalization/ specialization relationships between components that
form a taxonomy (TopologyRelation) (Figure 3). Description logic-based axioms and constraints that are additional characteristics of heavyweight ontologies are not initially essential for the CLIP framework, as the main motivation
is to share knowledge of a domain, and require no logical inference.
2.2. CLIP Ontologies as context dependent knowledge representations

With respect to knowledge modeling, we adopt an intermediary approach
between the a priori top-down and a posteriori bottom-up approaches that were
mentioned earlier for the managing and representation of the diversity of
perceptions implicit in domain knowledge. Specifically, we formalize plug-in
multiple external ontologies that result from varying contextual needs and views,
to be used by but independent of the CLIP model. CLIP ontologies can be said
to be a priori bottom-up representations that seek to standardize a knowledge
base for building components and performance descriptions as context-dependent representations developed by the immediate stakeholders. While the CLIP
framework specifies a formal structure for the component-topology model,
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each CLIP ontology facilitates the instantiation of different model objects
(components, topology relations and performance indices) and different content every time. As such, the CLIP model specifies the syntax and the CLIP
ontologies specify the semantics of the component-topology model. Moreover,
CLIP ontologies can be (partly) overlapping in scope and content, and are
mutually exclusive.
figure 3. a simplified view of the clip ontology structure. boxes are representative
of the component object type; links between components are the topology relation
object type. performance indices are not shown.

The first ontology, TU Delft Component-Topology Ontology (TUD_CTO),
is developed by us, based on an extensive literature survey on climate systems
and building materials (ASHRAE 2007, ISSO 2005). We adopted a top-down
approach in ontology creation, which involves the identification of main categories of functions within climate systems (such as heating, cooling, ventilation) or types of materials (such as wall, glazing, roof materials, etc.) and
decomposing each type into its sub-systems and sub-types until a physical
component that is involved in an assessment activity is reached. TUD_CTO is
stripped of any custom organizational information, only a broader organization-independent context, and is limited to basic information for identification
purposes only. In this respect, TUD_CTO is not completely bottom-up, but
developed as a generic core model to demonstrate and test the applicability of
its schema. (Top-down and bottom-up approaches for building information
modeling, as discussed in the previous section, and ontology development
should not be confused).
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For the second ontology, SEL_Ontogoly (Figure 4), we reused the reference
classification scheme Standard Elements List (SEL), created and used by the
Rijksgebouwendienst EPI-CREM project. The main motivation of this project
is the great diversity with regard to building inspections in Europe. The EPICREM project aims to deliver an integral approach towards building inspections, building technical information, and particular project considerations for
buildings and components. SEL addresses the need for a standard yet flexible
component model based on the content-specific agreements on the inspection
elements within the participating countries. The major function of SEL for the
Rijksgebouwendienst is to provide a common shared inventory of building
systems for building inspections, long-term maintenance plans, and for service
and maintenance contracts. SEL is a structured, semi-formal component hierarchy that spans multiple domains including building envelope, interior, climate, transport, and electro-technical and space components, stored in spreadsheets. Moreover, SEL tags each component with additional organizational
information. Therefore, the core Component object schema is extended
to include this information in addition to the core structure in the SEL_
Ontology.
CLIP ontologies have no claim of universal truth in terms of content. They
can be overlapping, inconsistent or incomplete. Nonetheless, an extensive and
complete ontology is not possible and not desirable either. What matters is that
it reflects the worldview of the particular context that it will be used in. Both
ontologies are strictly taxonomic and form a connected tree structure of building components. The SEL ontology has more breadth (generality), covering a
wider domain of building components, but has less depth in detail. The TUD_
CTO, on the other hand, is narrower in scope, covering only climate and material components, but has a greater level of granularity in terms of both the
components and their performance indices. Thus, the two ontologies reflect
different strategies towards performance assessment. While methods such as
building commissioning apply more rigorous and thorough test procedures
that require a fairly detailed description of components (and thus a deeper
component decomposition) and their performance characteristics, methods
such as EPI-CREM inspections that require a holistic view and are broader in
scope specify only general categories of components as the most-specialized
leaf nodes.
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figure 4. the sel ontology displayed in four different views: a. excel spreadsheets,
b. xml, c. java jtree, and d. prefuse visualization toolkit.
A

B.
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The externalization of the domain knowledge from the operational knowledge of the CLIP model allows encapsulating the volatile domain knowledge
within CLIP ontologies. This helps keep the modification of each side independent of each other as separate disciplines, while both parts, CLIP ontologies
and the CLIP model, gain immunity to the changes and modifications in each
other concerning the description and organization of relevant data. For each
different ontology, the logical structure of the ontology is maintained as the
content changes independently. However, usage of multiple external ontologies
has its limitations. A component-topology model that is instantiated with one
ontology is no longer compatible with another ontology. If one ontology is
transformed over time, an instance of the model that is built upon the previous
ontology version is not operational anymore, unless the transformation only
extended the original topology.
3. DISCUSSION

We currently express CLIP ontologies in XML (eXtended Markup Language)
as our serialization format. The greatest advantages of XML for us are its power
in representing and exchanging structured information, and its extendibility.
It allows the definition of new markup tags as required. Even further control
over the way in which XML documents are specified can be achieved through
XML Schemas to validate the syntax of the ontology description as they are
being developed, before it is parsed by the CLIP framework. Furthermore,
semantic refinement axioms can be embedded in the CLIP ontology description, which ensures the correctness and consistency of the resultant component-topology model in terms of its content. Such axiomatic constraints can
limit the possible interpretations of defined ontological terms by allowing
identification of the invariants of classes, specifying the preconditions and
postconditions on operations, and enforcing assembly and cardinality rules on
components. Formal ontologies enriched with axioms have greater expressiveness and inferential power than less formal ones. However, with building such
formal ontologies comes the cost of increased development time and efforts.
They are more rigid, less flexible to modifications and aggravate engineering
and maintenance of large sets of axioms (Staab et al. 2000).
Context-dependent ontologies can fit the requirements of a specific organization perfectly, but intensify the fragmentation of domain knowledge. When
a mapping between context-dependent ontologies is considered for interoperability purposes, the variety of terms and the diversity in the organization of
the domain objects give rise to problems in data integrity. This approach stands
to gain power if singular remote ontologies can map its content onto a central
standard ontology.
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The SEL ontology especially has the ambition to become a standard for participants in the EPI-CREM project and possibly even beyond. Because of its
emphasis on breadth versus depth, the SEL ontology can be considered, a reference ontology for the development of more specific, and more organizationdependent, ontologies. Preferably, such derived, specific ontologies are straightforward extensions of some reference ontology, such that the standardization
aspect of the original ontology remains intact. SEL has the potential to become
both a restricting standard model to which the participants must conform, but
also as a reference for further development and extensions that depart from SEL.
As the EPI-CREM project goes forward, the many instances of SEL (as extended
by the participating organizations) can operate as a testbed. New and refined
specifications of a SEL model can be tested against this standard and somewhat
static core. Action research (Reason et al. 2001), an interactive process that combines collaborative problem solving with data-driven analysis, is a fruitful research
direction for further investigation of such a specification for a standard ontology.
Further, this can help develop guidelines to extend it further for each specific
context/organization.
4. FUTURE WORK AND CONCLUSION

Supporting the diversity of AEC/FM activities as a knowledge-intense domain
in a building information model requires a multiplicity of knowledge representations. The Ontology model we developed helps the management of multiple external ontologies of building components in support of an information
model intended for lifecycle building performance assessment activities. This
approach has proven to be successful so far, yet entailing further challenges of
research in contextual ontology development for AEC/FM, standardization,
and extendible knowledge representations.
ACKNOWLEDGEMENTS

This research project is funded by the Dutch Government Building Agency.
Their contributions are gratefully acknowledged. The first author wishes to
thank Henry Kiksen for his support on model development, and Rene Leeuw
for his comments and feedback.
REFERENCES

Akin, O. and Türkaslan-Bulbul, T., 2005, A Review of Building Product Models in AEC
Industry towards a Model for Building Commissioning, Proceedings of the 3rd International Conference on Innovation in AEC, Rotterdam.
ASHRAE, 2007, HVAC Applications Atlanta, GA, American Society of Heating, Refrigerating
and Air-Conditioning Engineers.

CAAD Futures 2009_compile.indd 499

27/05/09 10:46:37

500

i. gursel • s. sariyildiz • r. strouffs • Ö. akin

Beetz, J., van Leeuwen, J., and de Vries, B., 2008, IfcOWL: A case of transforming EXPRESS
schemas into ontologies, Artificial Intelligence for Engineering Design, Analysis and
Manufacturing, 23:89-101.
Benslimane, D., Arara, A., Falquet, G., Maamar, Z., Thiran, P. and Gargouri, F., 2006, Contextual Ontologies: Motivations, Challenges, and Solutions, Lecture Notes in Computer
Science, 4243:168.
Bouquet, P., Giunchiglia, F., van Harmelen, F., Serafini, L. and Stuckenschmidt, H., 2004,
Contextualizing Ontologies, Journal of Web Semantics, 1: 325-343.
Fernández, M.G., 2005, A Framework for Agile Collaboration in Engineering, Mechanical
Engineering, Georgia Institute of Technology.
Gomez-Perez, A. and Corcho O., 2002, Ontology Languages for the Semantic Web, IEEE
Intelligent Systems, 17:54-60.
Gruber T.R., 1993, Towards Principles for the Design of Ontologies Used for Knowledge
sharing, International Journal of Human Computer Studies, 43:907-928.
Gürsel, I., Stouffs, R. and Sariyildiz, I.S., 2008, A Digital Performance Assessment Tool for the
Dutch Government Building Agency, 5th Int. Conf. on Innovation in Architecture, Engineering and Construction, Antalya.
ISSO, 2005, Ontwerp van hydraulische schakelingen voor koelen, Amsterdam, NL, ISSO
publicaties.
Kazi, A.S., Hannus, M., Charoenngam, C., 1999, An Exploration of Knowledge Management
for Construction, in M. Hannus, ed. 2nd International Conference on CE in Construction
(CIB Publication 236), Espoo, Finland, CIB., pp 247-256.
Leeuw, R.. 2008. EPI-CREM Common Strategies, < www.epi-crem.org/ >.
Ma,Y., Feng, Y., Jin, B. and Wei, J., 2006, A default Extension to Distributed Description
Logics, Web Intelligence and Agent Systems, 4:371-383.
Petrinja, E., Stankovski, V. and Turk, Ž., 2007, A Provenance Data Management System for
Improving the Product Modelling Process, Automation in Construction, 16: 485-497.
Reason P. and Bradbury, H., 2001, Handbook of Action Research: Participative Inquiry and
Practice, Sage.
Staab, Sm, Maedche, A., 2000, Ontology Engineering Beyond the Modeling of Concepts and
Relations, ECAI-2000 Workshop on Ontologies and Problem-Solving Methods, Berlin,
pp. 21-22.
Stouffs, Rm, Krishnamurti, R.m 2001, On the Road to Standardization, in B. Vries, J. Leeuwen
and H. Achten (eds), Computer Aided Architectural Design Futures, Dordrecht, The
Netherlands, Kluwer Academic Publishers.
Turk, Z., 1998, On theoretical backgrounds of CAD, Lecture Notes, in Computer Science,
490-495.
Wolter, F. and Zakharyaschev, M., 1998, Satisfiability Problem in Description Logics with
Modal Operators, 6th Int. Conf. on Knowledge Representation and Reasoning, Trento, Italy,
Morgan Kauffman Publishers, pp. 512-523.
Yangm Q.Z., 2003, IFC-Compliant Design Information Modeling and Sharing, ITcon, 8.

CAAD Futures 2009_compile.indd 500

27/05/09 10:46:37

